In this study the predictions and probabilities of calcium carbonate scale formation and corrosion occurrence inside Gumry Field Process Facilities (GFPF) and produced water injection process units (PWTP) was carried out. This was done calculating the Langelier Saturation Index (LSI), Ryznar Stability Index (RSI), Puckorius Scaling Index (PSI). The samples results for LSI index and PSI index were compared and found that all samples under threaten of calcium carbonate scale. The samples results for RSI index and found that all samples under formation of heavy calcium carbonate scale. Special excel computer program was designed to calculate the (LSI, RSI, PSI). The scale was cleaned and removed by 10 % diluted hydrochloric acid and commercial scale inhibitor.
INTRODUCTION
The production of water is natural consequence of the production of oil and gas from subterranean reservoirs. Water that is present in these reservoirs contains dissolved salts and dissolved gases. Under certain conditions these salts precipitate and become Scale deposits [1] . It is not possible to produce oil and gas for any significant time before water is also produced .The water /oil boundary will rise over time and channeling from water permeable zones will cause increased water to be produced. Scales are formed due to precipitation and crystal growth at the water surface. Precipitation is due to low solubility or excess amounts of salts. The scale forming salt in heat exchangers and boilers are those having retrograde solubility with temperature [2] .
The scale formation and corrosivity is qualitatively predicted using various indices [3, 4] that depend upon water parameters. The Langelier Saturation Index (LSI) [5] is an indicator of cooling water scale potential. This index indicates the driving force for scale formation and growth in terms of pH as a master variable. It is calculated the value of alkalinity (mg L -1 as CaCO 3 13
Thus a negative LSI indicates no potential to scale, the water will dissolve CaCO 3 , while a positive value indicates CaCO 3 precipitation. Ryznar Stability Index (RSI) [6] is given by: RSI = 2 pH s -pH, whereas RSI > 6 indicates corrosion while RSI < 6 indicates scale formation. Puckorius Scaling Index (PSI) [7] is obtained from the relation: PSI = 2 pH s -pH e , whre pH eq = 1.465 x log 10 Scale and corrosion continue to be serious and costly problems in gas and oil wells and production facilities. Scale commonly occurs in multiple locations within a production system. These locations include production and injection wells, flow lines, valves, vessels, separators, heat exchangers and pumps.
The result of scale deposition in oil and gas production systems is increased costs owing to equipment failures, manpower-related maintenance of scaled equipment, and lost production. Scale formation increases when active sites are there due to the a direct crystal growth without crystal formation. "Scale inhibitors don't prevent precipitation, they delay the inevitable by extending induction time." [8, 9] [inhibitor]
where Time is the induction time inhibitor is the scale inhibitor molar concentration M is s coefficient k is a temperature dependent rate constant SR is the saturation ratio P is the number of molecules in a critical sized cluster Dosage models have been used successfully to prevent scale in cooling systems, reverse osmosis, oil field and mining applications.
The impact of common scale inhibitors on induction time can be modeled by adding an inhibitor term to a classic model for induction time [10, 11] It must be noted that there is a maximum saturation level beyond which inhibitors will not prevent scale by this mechanism at any dosage. This is typically 150 x saturation for calcite.
The calcium carbonate depositions in Produced Water Package Treatment (PWPT) used for injection purpose and pH, temperature, total suspending solids (TSS), Total Dissolve Solids (TDS),), Alkalinity, Calcium Hardness, conductivity were determined and the indices, LSI, RSI and PSI were calculated using excel program.
MATERIALS & METHODS
Analar grade chemicals were used as received. Twenty four untreated raw produced water was collected from the sample point at Gumry FPF, Sudan, on 25th -June-2009 and same in52th of January 2010 at 9:00AM.
Temperature was determined using probe (model testo 915-1, pH with pH meter (Wagtech UK) , TDS, turbidity, conductivity were determined using Hanna instruments. Total hardness and calcium were determined by EDTA titration. Alkalinity was obtained by titration against standard sulfuric acid.
RESULTS & DISCUSSION
The Physicochemical properties for Gumry produced water is given in Table A . The indices LSI, RSI and PSI are calculated using the data of Table 1 . According to the results of (OGMs) in Table 1 for samples collected in the year 2009 and Table 2 for samples collected in the year 2010, (Langelier Saturation Index) LSI prediction that all samples under slight calcium carbonate (CaCO 3 ) scale forming conditions. In the Table 1 Oil Gathering Manifold 2 (OGM-2), shows negative LSI reading (-0.04) which indicate of (slightly corrosive but non scale forming), changed to (+0.34) in Table 2 Risk of emergency shutdown for long time will reduce pressure, release soluble acid gases, and increase pH; all these factors activate calcium carbonate scale to form and the system will face serious problems in the next staring. So that all prediction factors (LSI, RSI, PSI) clear that the Gumry plant, oil productive Wells, produced water treatment system, Crude-Crude heaters, Export Tanks and heat Exchangers under threaten of heavy calcium carbonate scale forming.
The presence of high concentration of carbon dioxide (CO 2 ) will sustainable the system without Scale for long time due to reduction in water PH and also the presence of high pressure in the system. In Table 3 and Table 4 first and second stage separators the factors (LSI, RSI and PSI) predict the risk of scale which may buildup in the water outlet inside Separators will cause reduction in the pipe diameter, that cause to the bad water separations and prolong separation time.
Thermodynamic considerations (pressure drop) activate scale forming and buildup, temperature increased in the second stage separators, heat exchangers so that increasing temperature will increase scale tendency in the mentioned facilities and will be under threaten of scale forming. In Table 5 and Table 6 predict of the risk of scale buildup inside Heat Exchangers (A, B, C, D), will effect in reducing heat transfer between hot oil and cold oil due to the increase in the pipe wall thickness which caused by calcium carbonate scale layer and that leading to increase energy consumptions and problems of back pressure. In the Table 7 and 8 increase temperature activates the tendency to form calcium carbonate scale in the crude oil heaters due to the decrease of solubility with temperature increase. In the Table 9 and Table 10 , pressure drops to atmospheric pressure inside the Tanks would permit to release dissolved acid gases CO 2 from the fluid phases and that reduces the solubility of gases, increase pH of the produced water so all these parameters increase calcium carbonate CaCO 3 Scale to form. LSI increased in the year 2010 is an indication of increasing tendency of calcium carbonate scale forming; see the variations in Figures 1 and 2 , high values of LSI in the tanks with low pressure it is good situation for scale forming. In Figure 5 and Figure 6 , PSI predicts that all samples witch collected in the year 2009 and 2010 were under heavy calcium carbonate (CaCO 3 ) scale forming, all PSI reading less than (6) which means that the water under tendency of forming calcium carbonate scale. 
